1. Introduction
===============

Laparoscopic cholecystectomy (LC) was first performed in 1987 and now it has become a successful surgical procedure for the treatment of cholelithiasis, cholecystitis, and biliary colic.^\[[@R1]\]^ It has shown improved outcomes compared with conventional open procedures and replaced open cholecystectomy as the first-choice.^\[[@R2]\]^ It was reported that more than 600,000 LCs were performed in the US annually, which predict an increasing trend and requirement for the next few years.^\[[@R3]\]^

Pain control after general surgery has become a huge challenge for surgeon and anesthetist. Many strategies have been applied to reduce postoperative pain following LC, including nonsteroid anti-inflammatory drug and patient-controlled analgesia^\[[@R4]--[@R6]\]^; however, it was still insufficient to achieve expected results. Expert consensus has proposed that multimodal analgesia regime was effective for pain control following laparoscopic operation.^\[[@R7]\]^ Ketamine is a noncompetitive N-methyl-D-aspartate (NMDA) receptor antagonist, which is commonly used as dissociative general anesthetic. Recently, it is also used for pain control in surgical procedure.^\[[@R8],[@R9]\]^ Published articles showed that ketamine added to multimodal analgesia demonstrated improved analgesia. Buvanendran et al^\[[@R10]\]^ indicated that oral ketamine provided improved postoperative analgesia after amputation surgery without increased risk of adverse effects. Tuchscherer et al^\[[@R11]\]^ found that adding subcutaneous ketamine to standard analgesic regime resulted in a reduction of postoperative pain scores.

Although some conclusions have been made, its role in postoperative pain relief after LC has not been investigated in meta-analysis. Thus, there is still controversy regarding the efficacy and safety of ketamine for pain management. Therefore, we conducted a meta-analysis from random controlled trials, to assess the efficacy and safety of ketamine for reducing pain and narcotic use for patients undergoing LC.

2. Methods
==========

No ethical approval was required because this was a meta-analysis that was based on the previous articles.

2.1. Search strategy
--------------------

Potentially relevant studies were identified from electronic databases including Medline (1966--2017.10), PubMed (1966--2017.10), Embase (1980--2017.10), ScienceDirect (1985--2017.10), and the Web of Science (1950--2017.10). The following key words were used on combination with Boolean operators AND or OR: "laparoscopic cholecystectomy", "ketamine," and "pain control OR pain management OR analgesia." No restrictions were imposed on language. The bibliographies of retrieved trials and other relevant publications were cross-referenced to identify additional articles. The search process was performed as presented in Fig. [1](#F1){ref-type="fig"}.

![Flow diagram.](medi-96-e9147-g001){#F1}

2.2. Inclusion criteria and study selection
-------------------------------------------

Inclusion criteria included participants: Patients suffering symptomatic gallstones or cholecystitis and prepared for LC were included in our study; Interventions: Intravenous ketamine; Comparisons: Placebo; Outcomes: Postoperative pain measured by visual analog scale (VAS), narcotic use, and postoperative complications (nausea, vomiting, ileus, and pruritus); and Study design: Randomized controlled trials were eligible for inclusion. Exclusion criteria included articles would be excluded from the present meta-analysis for case reports, conference abstract, or review articles.

2.3. Selection criteria
-----------------------

Two reviewers independently scanned the abstracts of the potential articles identified by the above searches. Subsequently, the full text of the studies that met the inclusion criteria was screened, and a final decision was made. A senior author had the final decision in any case of disagreement regarding which studies to include.

2.4. Data extraction
--------------------

A standard form for date extraction is printed for date extraction. Two of the authors independently extracted data from the included studies: first author names, publication year, samples size, baseline characteristics, intervention procedures, and outcome parameters. Other relevant data were also extracted from individual studies. Outcomes are postoperative pain measured by VAS, narcotic use, and postoperative complications (nausea, vomiting, ileus, and pruritus). Corresponding authors were consulted for details of data, which were incomplete. Any disagreements were resolved through discussion.

2.5. Assessment of methodological quality
-----------------------------------------

Quality assessment of the included RCTs is assessed by 2 authors independently according to the Cochrane Handbook for Systematic Reviews of Interventions 5.0. We apply the assessing the "risk of bias" table, which includes the following key domains: adequate sequence generation, allocation of concealment, blinding, incomplete outcome data, free of selective reporting, and free of other bias.

2.6. Evidence synthesis
-----------------------

The evidence grade for the main outcomes was assessed using the guidelines of the Recommendations Assessment, Development, and Evaluation (GRADE) system including the following items: risk of bias, inconsistency, indirectness, imprecision, and publication bias. The recommendation level of evidence is divided into the following categories: high, which means that further research is unlikely to change confidence in the effect estimate; moderate, which means that further research is likely to significantly change confidence in the effect estimate but may change the estimate; low, which means that further research is likely to significantly change confidence in the effect estimate and to change the estimate; and very low, which means that any effect estimate is uncertain. The evidence quality was graded using the GRADEpro Version 3.6 software.

2.7. Statistical analysis
-------------------------

Stata 11.0 software (The Cochrane Collaboration, Oxford, UK) is used to perform the meta-analyses. The standard mean difference (SMD) is recommended to assess continuous variable outcomes with a 95% confidence interval (95% CI). For dichotomous outcomes, the results are presented as risk difference (RD) with a 95% CI. The Chi-squared test and *I*^2^ statistic are used to test for the presence of statistical heterogeneity. *P* \< .05 and *I*^2^ \> 50% are defined as having significant heterogeneity and a random-effects model is adopted. A fixed-effects model is applied when no significant heterogeneity is found.

3. Results
==========

3.1. Search result
------------------

A total of 208 studies were identified through an initial search. By scanning the abstracts, 187 articles were removed for duplication and 11 records were removed as they were review articles only. After scanning the full papers, 2 articles were removed due to unsuitable controls. Five studies^\[[@R12]--[@R16]\]^ published between 2004 and 2016 were included in the present meta-analysis. These articles involved a total of 106 patients in the ketamine group and 106 patients in the control group.

3.2. Study characteristics
--------------------------

All included RCTs assessed the analgesic efficiencies between ketamine and placebo for patients undergoing LC. The sample size of the included studies ranged from 40 to 56. There are variations in dosage of ketamine among the groups. All articles highlighted that LCs were performed by the same surgical teams. The characteristics of the included studies are summarized in Table [1](#T1){ref-type="table"}. Statistically similar baseline characteristics were found among studies.
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Characteristics of included studies.
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3.3. Risk of bias
-----------------

Quality assessment of the RCTs was based on the Cochrane Collaboration\'s tool. Clear inclusion and exclusion criteria were described in all studies and all of them reported that eligible participants were randomized with a computerized random number generator. Three RCTs^\[[@R13],[@R14],[@R16]\]^ provided that sealed envelope was selected to make sure allocate concealment. Four included articles^\[[@R12],[@R13],[@R15],[@R16]\]^ confirmed double blinding and only 1 study^\[[@R14]\]^ applied blinding for the assessors. The methodological quality of the included studies is presented in Table [2](#T2){ref-type="table"}. Each risk of bias item was shown as the percentage across all included RCTs (Table [3](#T3){ref-type="table"}).

###### 

Methodological quality of the randomized controlled trials.
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###### 

Risk of bias.
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3.4. Outcomes for meta-analysis
-------------------------------

### 3.4.1. Postoperative pain at 12 hours

Five articles^\[[@R12]--[@R16]\]^ showed the postoperative pain at 12 hours measured by VAS scores. A fixed-effects model was adopted because no significant heterogeneity was found among the articles (χ2 = 1.41, df = 4, *I*^2^ = 0%, *P* = .843). The pooled results indicated that there was significant difference between groups regarding the postoperative pain at 12 hours (SMD = −0.322, 95% CI: −0.594 to −0.050, *P* = .020, Fig. [2](#F2){ref-type="fig"}).

![Forest plot diagram showing postoperative pain scores after LC.](medi-96-e9147-g005){#F2}

### 3.4.2. Postoperative pain at 24 hours

Five articles^\[[@R12]--[@R16]\]^ with 212 participants provided the outcome of postoperative pain at 24 hours measured by VAS scores. A fixed-effects model was used because no significant heterogeneity was found among the studies (χ^2^ = 4.23, df = 4, *I*^2^ = 5.5%, *P* = .375). The pooled results demonstrated that a significant difference in postoperative pain at 24 hours was identified between groups (SMD = −0.332, 95% CI: −0.605 to −0.059, *P* = .017, Fig. [2](#F2){ref-type="fig"}).

### 3.4.3. Postoperative pain at 48 hours

Five studies^\[[@R12]--[@R16]\]^ with 212 patients showed the outcome of postoperative pain at 48 hours measured by VAS scores. A fixed-effects model was used because no significant heterogeneity was found among the studies (χ^2^ = 1.43, df = 4, *I*^2^ = 0%, *P* = .839). There was a significant difference in postoperative pain scores at 48 hours between groups (SMD = −0.340, 95% CI: −0.612 to −0.068, *P* = .014, Fig. [2](#F2){ref-type="fig"}).

### 3.4.4. Narcotic use at 12 hours

Narcotic use at 12 hours was reported in 5 RCTs.^\[[@R12]--[@R16]\]^ No significant heterogeneity was found among these studies (χ2 = 0.57, df = 4, *I*^2^ = 0%, *P* = .967) and a fixed-effects model was used. Significant difference was detected in narcotic use at 12 hours between the 2 groups (SMD = −0.296, 95% CI: −0.567 to −0.025, *P* = .033, Fig. [3](#F3){ref-type="fig"}).
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### 3.4.5. Narcotic use at 24 hours

Five RCTs^\[[@R12]--[@R16]\]^ reported the outcome of narcotic use at 24 hours. A fixed-effects model was adopted because no significant heterogeneity was found s (χ2 = 0.17, df = 4, *I*^2^ = 0%, *P* = .997). There was a significant difference in narcotic use at 24 hours between groups (SMD = −0.310, 95% CI: −0.581 to −0.039, *P* = .025, Fig. [3](#F3){ref-type="fig"}).

### 3.4.6. Narcotic use at 48 hours

Five studies^\[[@R12]--[@R16]\]^ reported narcotic use at 48 hours. A fixed-effects model was adopted (χ2 = 1.74, df = 4, *I*^2^ = 0.0%, *P* = .783). There was a significant difference in narcotic use at 48 hours between groups (SMD = −0.338, 95% CI: −0.609 to −0.066, *P* = .015, Fig. [3](#F3){ref-type="fig"}).

### 3.4.7. Nausea and vomiting

Five studies^\[[@R12]--[@R16]\]^ reported the postoperative complications of nausea and vomiting after LC. A fixed-effects model was adopted because no significant heterogeneity was found among the articles (χ2 = 0.49, df = 4, *I*^2^ = 0%, *P* = .974). Significant difference in the incidence of nausea was found between the 2 groups (RD = −0.163, 95% CI: −0.291 to −0.036, *P* = .012; Fig. [4](#F4){ref-type="fig"}).
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### 3.4.8. Pruritus

Five articles^\[[@R12]--[@R16]\]^ showed the postoperative complications of pruritus. A fixed-effects model was used (χ2 = 0.21, df = 4, *I*^2^ = 0%, *P* = .995). The pooled results demonstrated that there was an increased risk of pruritus in control groups (RD = −0.119, 95% CI: −0.218 to −0.020, *P* = .018; Fig. [4](#F4){ref-type="fig"}).

### 3.4.9. Ileus

All RCTs^\[[@R12]--[@R16]\]^ showed the incidence of ileus between groups. There was a significant difference regarding the incidence of ileus (RD = −0.091, 95% CI: −0.177 to −0.005, *P* = .038; Fig. [4](#F4){ref-type="fig"}).

### 3.4.10. Publication bias

Publication bias is a tendency on average to produce results that appear significant, because negative or near neutral results are almost never published. Funnel plot was used to assess the publication bias of the main outcomes. The funnel plot diagrams of postoperative pain and narcotic use at 12 hours are symmetrical, indicating a low risk of publication bias (Figs. [5](#F5){ref-type="fig"} and [6](#F6){ref-type="fig"}).

![A funnel plot of VAS scores at 12 hours after LC.](medi-96-e9147-g008){#F5}

![A funnel plot of opioid consumption at 12 hours after LC.](medi-96-e9147-g009){#F6}

### 3.4.11. Quality evidence

Main outcomes in this meta-analysis were evaluated using the GRADE system. The evidence quality for each outcome was low, which means that further research was likely to significantly change confidence in the effect estimate and to change the estimate (Table [4](#T4){ref-type="table"}).

###### 

The GRADE evidence quality for main outcome.
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4. Discussion
=============

The most important finding of the present meta-analysis was that intravenous ketamine was associated with a significant reduction of postoperative pain and narcotic use following LC. The evidence quality for each outcome was low, which means that further research was likely to significantly change confidence in the effect estimate and to change the estimate.

It was reported that approximately 50% to 70% of LC patients experienced moderate to severe postoperative pain.^\[[@R17],[@R18]\]^ The incidence of postsurgical pain depends upon multiple factors, such as psychological, emotional, surgical, and anesthetic factors.^\[[@R19]\]^ Consensus has been reached that effective pain control following major surgery is important for functional recovery and reducing postoperative complications. Although various analgesic methods have been applied, the optimal analgesic methods remain controversial. Any single-mode analgesia is not enough to provide satisfactory results. The management of pain after LC is often directed at the reduction of pain and reducing morphine requirements by multimodal analgesia techniques. As an NMDA receptor antagonist, ketamine has been increasingly applied as part of the multimodal analgesia in the setting of perioperative pain. Cogan et al^\[[@R20]\]^ reported that low-dose intravenous ketamine infusions during the postoperative period may help to decrease acute and chronic postoperative pain after cardiac surgery. Othman et al^\[[@R21]\]^ showed that the intravenous ketamine could prolong the time to first request of analgesia and reduce total opioid consumption without serious side effects in patients who underwent a modified radical mastectomy. On the basis of the previous research, it is thus plausible that intravenous ketamine may be adequate for minimally invasive surgery such as LC, which causes less tissue trauma. The VAS is a psychometric response scale that can be used in questionnaires. It is a measurement instrument for subjective characteristics or attitudes that cannot be directly measured. Five articles with 212 participants provided the outcome of postoperative pain measured by VAS scores. The present meta-analysis showed that intravenous ketamine was associated with a significant reduction of VAS scores compared with control groups.

Narcotic consumption was also an important indicator for assessing the analgesic effect of liposomal bupivacaine. It was normally used as an adjunct to a multimodal analgesia protocol. Also, the analgesic effect of the additional opioids provides a long postoperative period without any pain experienced by the participants. Narcotic consumption is also considered as an objective method of measuring pain. However, previous studies have frequently reported that patients have experienced drug-related side effects, such as nausea, vomiting, headache, pruritus, and respiratory depression.^\[[@R22],[@R23]\]^ Moreover, long-term opioid use may result in drug dependence, which is an important issue that should be considered.^\[[@R24]\]^ Effective analgesia protocol is crucial to reduce the consumption of opioids. Although some published articles have shown that the intravenous ketamine was associated with opioid-sparing effect in major abdominal surgery, there was a lack of reliable evidence in LC. Therefore, we conducted the present meta-analysis and indicated that intravenous ketamine would significantly reduce total narcotic consumption.

Drug-related side effects were major concerns following additional opioid. Gastrointestinal events are well-known side effects that are related to systemic use of opioid. Ileus was frequently occurred after general anesthesia following abdominal surgery. The present meta-analysis showed that intravenous ketamine could significantly decrease the incidence of postoperative complications. Thrombosis events have been considered as a common postoperative complication and there was no significant difference between groups regarding the incidence of deep venous thrombosis or pulmonary embolism. Considering that only 5 studies were included in our study, large sample sizes from high-quality studies should be conducted in the future. A risk of bias should also be considered when interpreting the findings.

Several potential limitations of this study should be noted. First, only 5 studies were included, and the sample size was relatively small; second, some important outcome parameters such as range of motion were not fully described and could not be included in the meta-analysis; Third, subgroups analysis was not performed, thus we could not determine the source of heterogeneity; Fourth, the evidence quality for each outcome was low that may influence the results of the meta-analysis; Fifth, short-term follow-ups may lead to the underestimation of complications, such as neurotoxicity and cardiotoxicity.

5. Conclusion
=============

Ketamine appeared to significantly reduce postoperative pain and narcotic use following LC. On the basis of the current evidence available, higher quality RCTs are still required for further research.

Abbreviations: LC = laparoscopic cholecystectomy, LOS= length of stay, RCT= randomized controlled trials, VAS = visual analog scale.
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